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Why study O(1m) to O(1km) seabed morphology?

T Hanes et al., EOS, 1993:

...should we seek to develop predictive
By om0 s et gt engineering models that incorporate
physical processes?

s o g i i el condon i i ...what temporal and spatial scales must

the physics be described if the goal is to
e o el s e X predict medium- to large-scale coastal
e change?
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Today’s suggestion: The gap between
grain-scale processes and large scale
coastal behavior is bridged in nature by a
full range of intermediate scale seabed
morphologies, thus providing a potential
opportunity to mechanistically connect
different scales.




Regional Motivations for Scientific
Investigations:

. *Sediment Management

¥ -Coastal Erosion

| ‘Water Quality

*Shipping and Navigation
| *Ecology (National Marine Sanctuary)
*Pollutants and accidental spills

*Security




Ocean Beach Erosion- near Sloat Blvd/S.F. Zoo




SF Bay Tidal Prism =
2,000,000,000 m3 !

Typical Max Tidal Currents (m/s)

Golden Gate 2.5

Point Lobos 1.5
\ Central Ocean Beach 1.0

Ocean Beach

e
Offshore Wave Climate | J&
Annual Statistics

max Hs (m)
avg Hs (m)
avg dir (deq)

avg Tp (s)




San Franmsco Blght Coastal Processes Study

http://walrus.wr.usgs.gov/co
astal processes/intro.html

Field observations and
numerical modeling
designed to describe and
explore the hydrodynamics,
morphology, and sediment
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High resolution multi-beam bathymetric survey

Sea Floor Mapping Lab, CSU Monterey Bay, Rikk Kvitek, director
Co-funded by USGS and USACE, SF District

Surveys days:
35 in 2004,
15 in 2005,

N 15 planned for
2006




Ebb Shoal Depth Change over past 48 years
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Bedform Examples from
Multibeam Survey

Extremely variable bedform
morphology and scale, with
some very sharp boundaries;

Panels:

A) Giant sand wave field, up to 150 m
wavelengths, nearly two
dimensional, ebb dominated with
superimposed 5 to 10 meter scale
dunes.

B) Linguoid sand waves or very large
megaripples, regular but three
dimensional pattern, 20-30 m
scale.

C) Sand waves, flood-dominated, 15-
20 m scale.

D) Irregular, three-dimensional sand
waves seaward of the main sand
wave field.







Field of Giant Sand Waves
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Giant Sand Waves
are Dynamic!

Difference
between two
surveys separated
by 12 days
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transport and morphological evolution on the

Goals: Wave evolution, circulation, sediment
inner shelf and in the surf zone.

Delft3D and NearCoM




Mouth of SF Bay Tidal Currents
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Summary

The SF Bight is an area of high energy
waves and currents and ample
sediment, resulting in an abundance
and diverse variety of bedforms.

Ocean Beach and its erosional trend : _ -
are related to the larger system —— R
including SF Bay and the ebb tidal & 5 )
shoal.

The entire ebb shoal has contracted
over the past half century.

Particularly interesting is a field of
giant, dynamic, sand waves just
outside the Golden Gate.

B2003 William Hefg :
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In closing, some poetry!

L.F. Richardson, on the cascading scales of hydrodynamics :

Great whirls have [ittle whirls
That feed on their velocity
And lttle whirls have lesser whirls
And so on to viscosity

Is there any analog for sediment transport and/or morphology?




Grains move to and fro
Forming wiggles and bumps that grow
Into dunes, bars, and swales

Merging and bridging scales

From the grains coefficient of restitution

Up to coastal evolution
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The local wave refraction due to
bathymetry results in a divergence of

longshore:sediment transport.
'.r'

~~The entire ebb tidal delta has shrunk in
extent due to a reduced. tidal.prism-
thereby altering wave refraction/focusing

patterns and sediment transport pathways.
.
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The sysiem _irs-§5diment starved due to
extensiVe Tiver.damming coupled with a
significant degrease in delta discharge.

The area is a natural low spot along the
coast due to tectonic processes.




Flood Flow October 22nd, 2004 1300




Ebb Flow October 22nd, 2004 0630







ADCP Flow Profile Time Series

OB June-July 2005: 793wh
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Wave and Current Measurements
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June 2005 Dredge Disposal Plan
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Disposal Area

Depth Change Contours
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Future Directions

Model validation with open coast in-
situ measurements in key locations,
including inside the surf zone

Modeling of new dredge disposal
options and shore protection concepts

Web-based, near-real time coastal
observing system

Storm impact and risk assessment

Winter instrument deployment for
model validation

Link to San Francisco Bay

= USGS

science for a changing world




MAJOR FAULTS CONTRIBUTING TO
70% PROBABILITY OF A
MAGITUDE 6.7+ EARTHQUAKE IN
SAN FRANCISCO BAY AREA
BEFORE 2030.




Profiles along axis of giant sand wawes
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NearCoM Improvement for Multi-Scale Modeling
(F. Shi, Univ. Delaware)

Moving Shoreline Boundaries, Specified surface elevation,

Domain extended
beyond nearshore, and specified flux boundary conditions (for

tidal forcing and river inflow)
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February 25t — 29t 2004 Storm

Storm peak conditions: Due West waves, Hs ~ 8m, Tp ~ 16s

Storm Modeling:
DELFT3D
Linked SWAN and FLOW
SWAN (Overall and Intermediate Grids)
FLOW (Overall and Intermediate Grids)
Forced with H, Tp, Op, and wind
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Modeling Extreme Events

Storm Wave Patterns

Storm Sediment Transport
Significant Wave Height {m)

February 26, 2004 mean total transport: Sediment sand (mﬁ.l'sm)
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NearCoM Improvement for Multi-Scale Modeling

1. Moving Shoreline Boundaries
2. Specified surface elevation and

specified flux boundary conditions (tidal forcing and river inflow)
3. Semi-Implicit Numerical Schemes

Previous Numerical Schemes

SHORECIRC 2.0:
Explicit schemes
CFL number <1
e.g., dx=10m, depth=10m, dt<1s

New Numerical Schemes

CFL-free: SHORECIRC = GRAVITY MODE +VORTICITY MODE

Implicit scheme explicit scheme




shore mmunity odel (
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Shoreline Changes at Ocean Beach

1873 shoreline
1938 shoreline
1985 shoreline
1992 shoreline

-200
-300

-400
1850

1870

S a8y

Reach 2
(Shoreline Changes Relative To 1938 Shoreline Location)

-1.2 ftlyear +0.7 ftlyear

1890 1910 1930 1950 1970 1990
Year

2010
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. High Cr number does not change results




Numerical Modeling

Overall SF Model Grid
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DELFT3D: Linked and Nested Simulations Flow Chart:

Nested
Overall FLOW Nested FLOW

Produce: n(t) as input boundary
condition for Nested FLOW

Nested to
Overall WAVE

Uniform BC

After each 15 minute FLOW
Nested WAVE simulation:
HS,Tp’ep -
Steady State 1. morphology is updated

2. waves are called

Nested FLOW

: = mjn NOTE: Wave forcing is
simulations

assumed to be constant for
1 each 15 min FLOW simulation

Nested MORPH
Steady State




Field Techniques and Examples
of Observations

e All-terrain vehicle
beach surveys
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Camera System: Li Erikson, Ann Gibbs, Patrick Barnard (EVS system)

Mar 08 0% 16:25:36 1504 images avaraged over 10.minutes, 251 framae/eac,

200 A00

Run-up height
Swash period
Break point
Surf zone width

for each transect

Stack images from
each transect to
generate
‘time-stacks’




Dec10104%

Original oblique image

Rectified image




